Introduction
Sodium in the food supply Sodium is a major component of our food supply. The primary source is salt (sodium chloride), which provides about 90 % of dietary sodium. Other contributors include sodium bicarbonate (ie, baking soda) and mono-sodium glutamate (MSG). Many people enjoy the taste of salt. It also can deepen other flavors [1••] , making it popular with both home and restaurant cooks. The taste for salt, however, is malleable and decreases as people are exposed to a lower sodium diet [2] . More importantly, salt is a major component of processed foods, and companies use it because it is inexpensive, hides bitterness, and maintains texture [1••] . Because of its ubiquity in the food supply, even motivated consumers find it difficult to reduce their salt intake. In fact, an estimated 80 % of sodium intake in the United States (US) comes from restaurant and packaged food, whereas only 11 % comes from discretionary sources (ie, added by individuals during meals or while cooking) [3] .
Actual sodium intake greatly exceeds recommendations. According to the 2010 US Dietary Guidelines for Americans, adults should consume no more than 2,300 mg per day. For people over age 50 years, those with hypertension or chronic kidney disease, and African Americans, the recommendation is to consume no more than 1,500 mg per day [4] . The American Heart Association recommends that the 1500 mg daily upper limit be applied to everyone [5] . Recent estimates from 24-hour dietary recalls, collected as part of the National Health and Nutrition Examination Survey (NHANES), indicate that average sodium intake in the US is about 3,600 mg/day [1••] . Measures of intake from 24-hour urine collection studies in clinic settings and in adults find similar intake levels [6, 7] .
Scientific rationale for sodium reduction Blood pressure (BP)-related diseases (eg, coronary heart disease, stroke, and end-stage renal disease [ESRD] ) are leading causes of morbidity and mortality throughout the world [8] . The relationship of BP with these outcomes has been characterized as strong, consistent, continuous, independent, and etiologically relevant [9] . Importantly, the risk of BP-related diseases increases progressively throughout the range of BP, including both hypertensive and non-hypertensive ranges [10] . It has been estimated that 47 % of coronary heart disease events and 54 % of strokes can be attributed to elevated BP [8] . A cardinal feature of the elevated BP epidemic is the age-related rise in BP, in both children and adults.
Excess sodium intake has an important, if not predominant, role in the pathogenesis of elevated BP [11, 12] . Other lifestyle factors that raise BP include excess weight, insufficient potassium intake, high alcohol consumption, suboptimal dietary pattern, and physical inactivity [13•] . Supportive evidence on the adverse effects of excess sodium intake on BP comes from animal studies, migration studies, ecologic studies, longitudinal observational studies, clinical trials, and meta-analyses of trials. The best available evidence strongly supports a direct relationship between sodium intake and elevated BP; on average, as sodium intake increases, so does BP [14] .
By lowering BP, sodium reduction should substantially reduce cardiovascular disease. Recently, several studies have estimated the public health benefits and cost savings attributable to the BP effects of a reduced sodium intake. In one study, reduction of dietary salt intake by 3 g/d is projected to save 194,000 to 392,000 quality-adjusted life-years and $10 to $24 billion in health care costs annually, while reducing the annual number of deaths by 44,000 to 92,000 [15••] . Few trials have directly assessed the effects of sodium reduction on hard clinical outcomes. In the largest and longest of these trials, Cook et al. [16] documented that persons assigned to a reduced sodium intervention had a 25 % to 30 % reduced risk of cardiovascular disease events.
Importantly, excess sodium intake has adverse effects, apart from its effects on BP [17•] . A large body of evidence indicates that sodium increases left ventricular mass and alters vascular structure and function [18] . Furthermore, excess sodium intake appears to increase the risk of gastric cancer, chronic kidney disease [19] , kidney stones, and osteoporosis [14] . The latter two relationships reflect the well-documented, direct relationship of sodium intake with urinary calcium excretion; as sodium intake increases, so does calciuria [20] .
Still, the evidence base does have limitations. First, the assessment of sodium intake has methodologic challenges [21] . Both systematic and random errors in the measurement of dietary sodium intake are commonplace. The gold standard remains urinary excretion of sodium from 24-hour collections, but even these estimates can be inaccurate because of collection problems, most commonly under-collection. Furthermore, because of large day-to-day and within-person variation, repeat measurements on multiple days are needed to obtain precise measurements. Such methodologic issues have led to inconsistent and occasionally paradoxical findings [22, 23] . However, the best available evidence strongly supports population-wide sodium reduction as a means to prevent cardiovascular disease and stroke [24] .
Strategies to reduce sodium intake In this article, we summarize strategies to lower sodium intake in the general population (Table 1) . Although all of these strategies have the potential to be effective on their own, a multi-factorial effort that includes several component strategies will have the greatest impact. Education campaigns are most effective when conducted in conjunction with broader sodium policies and programs, as done in the United Kingdom (UK) and Finland. In Finland, mass media education campaigns were coupled with voluntary efforts by industry and warning labels on high-salt packaged foods, all leading to an average sodium reduction of 1,200 mg/day [25] . In 2004, the UK government launched an extensive education campaign focusing on the sodium content of packaged food to complement a major voluntary sodium reduction initiative by the government. As a result, the number of consumers reducing sodium intake increased by a third and the number checking labels for sodium doubled [26] .
A similar trend can be seen in the more recent public education campaigns in the US, which have been coupled with broader policy work. The New York City Department of Health's 2010 ads in the subway system highlighted the high levels of salt in packaged food and urged consumers to compare labels [27] . In Massachusetts in 2011, ads on television and in the transit system provided consumers advice on how to reduce sodium from packaged and restaurant foods [28] . Both New York City and Massachusetts are members of the National Salt Reduction Initiative, a voluntary coalition that aims to reduce the sodium content of packaged and restaurant foods by 25 % [29] .
Public education is one of the easiest strategies to implement; it does not require regulatory or legislative action, it's relatively inexpensive, and is generally uncontroversial. However, given the ubiquitous and high levels of sodium in the food supply, achieving sodium reduction will require lower levels of sodium in packaged and restaurant food. Hence, even though consumer education is a valuable tool to raise consumer awareness and support for more comprehensive initiatives, education alone is unlikely to reduce sodium consumption.
Strategy 2: Dietary counseling Individual dietary counseling, whether by physicians or other health care providers, is another important strategy for reducing sodium intake. Data show that sodium reduction is achievable through intensive dietary sodium counseling [30, 31] . A caveat is that advice alone will not allow patients to meet sodium and other lifestyle recommendations [32] . However, as demonstrated for smoking cessation [33] and weight control [34] , physicians play an important role in the reinforcement and maintenance of behavior change. The physician-patient encounter offers a valuable opportunity for physicians to promote lifestyle changes, of which sodium reduction should be a major goal. A brief supportive message on the benefits of sodium reduction, even without extensive counseling, should be beneficial. Physician effectiveness in this role can be enhanced through "+"=some, "++"=moderate, "+++"=substantial FDA US food and drug administration; GRAS generally recognized as safe their increased knowledge, skills, and a positive attitude towards sodium reduction and other lifestyle modification. To efficiently and effectively influence patients' efforts towards dietary salt reduction, physicians should be aware of ongoing public health initiatives. There are national efforts spearheaded by the federal government and professional organizations, as well as local public health campaigns that target sodium reduction. Additionally, there have been stories about sodium in the popular media, including a feature article in the November 2010 issue of Vogue magazine where sodium was highlighted on the highly coveted cover of the magazine [35] . Not all media stories support sodium reduction, so it is important to reinforce that despite occasional stories to the contrary, an overwhelming body of evidence supports population-wide sodium reduction.
Features of an effective counseling session with patients include assessment of their readiness for change; discussion of the importance of reduced sodium intake for health; discussion of the overall concept of diet quality (eg, DASH diet), with tips for successful adoption; assessment of patient barriers to adherence with suggestions for better adherence; goal setting; and distribution of written material (Table 2) [36] . Although clinic visits often do not allow time to cover all elements of an effective counseling session, a good first step is for the physician to set aside time in the session to discuss diet and barriers to dietary modification.
Dietary counseling is especially important for medically high-risk patients, and referrals should be made to a registered dietitian or certified health educator. Medicare and other insurance groups provide medical coverage (reimbursement) for dietary counseling in certain patients (eg, patients with chronic kidney disease and diabetes). Although the impact of the clinician might be limited given the difficulty in changing patient behavior in the current food supply, clinician support is still critical to create demand for the public health approach.
Strategy 3: Food labeling Food labeling can help motivated consumers choose lower sodium products. Table 2 . Approaches to provider-patient conversations about lowering sodium intake Strategies for sodium reduction that can be communicated quickly to patients
• Make reading food labels a habit • Stick to fresh foods (eg, meats, fruits, and vegetables) rather than their packaged counterparts • Avoid spices and seasonings that contain added sodium • Check restaurant websites before dining out; request that your food be prepared without any added salt.
• In 6-8 weeks, one can adjust to eating less salt • Cook rice, pasta, and hot cereals without salt • Choose ready-to-eat breakfast cereals that are lower in sodium • Choose "convenience" foods that are lower in sodium • Rinse canned foods to remove some sodium Some types of labeling can even prompt reformulation so that products are lower in sodium. However, as discussed below, the current US labeling system (ie, the Nutrition Facts Panel) is poorly designed to convey information about sodium. Nutrition Facts Panels in the US are highly complex and not very effective in motivating dietary behavior change. These labels have been mandatory since the National Labeling and Education Act was enacted in 1990 [1••] . Sodium information on labels is provided in a technical format (milligrams per serving and percent daily value of sodium), located on the back of packaged food, written in fine print, and surrounded by other nutrition and ingredient information. Consumers often find these labels confusing, especially consumers with low literacy or numeracy [37] . Encouraging the use of labels to reduce intake is a common goal of recent sodium reduction campaigns. However, studies indicate that their usage overall and the usage of sodium information in particular has been declining [38] . Furthermore, people who report using Nutrition Facts Panels did not decrease sodium intake [39] .
Front of pack (FOP) labels that interpret nutrition information, as used in Finland and the UK, are more effective. In Finland, high salt warning labels were successful as part of a larger sodium reduction initiative. Packaged foods with sodium levels over a specified threshold determined by the type of food were labeled as a high-salt product. As a result, many companies discontinued high-salt products and introduced products that qualified for the low-salt label. Daily sodium intake in Finland has been reduced by about 1,250 mg since 1979 [40] . A voluntary FOP labeling system is used in the UK that targets salt and a few other nutrients of concern. A traffic light symbol indicates levels of fat, saturated fat, sugars, and salt with green (low), amber (medium) and red (high) color-coding for each nutrient [41] . Although seemingly simple, some studies have questioned the effectiveness of this system in motivating healthier consumer purchases [42] .
In the US, there is increased interest in FOP labels. Reacting to the proliferation of labels designed by industry, the US Food and Drug Administration (FDA) recently solicited comments, information, and data [43] . Concurrently, the US Congress commissioned the Institute of Medicine (IOM) to examine FOP labels. In their 2011 report, they concluded that despite the lack of conclusive evidence, FOP labels would encourage healthier choices than the current Nutrition Facts Panel and would be easier to understand. Specifically, they recommended the creation of an FDA-mandated system that lists calories and then rates products from zero to three stars, based on levels of sodium, saturated fat, trans fat, and added sugars [43] . However, even the development of a voluntary system by the FDA has been opposed by the packaged food industry, which has been working to create their own labeling system called Nutrition Keys [44] .
In summary, food labels help consumers choose packaged foods with lower sodium, but the labeling system can be improved. Labels that are prominently placed and consistent have the potential to influence consumer decisions. Additionally, labeling that indicates high levels of sodium can encourage manufacturers to reduce sodium voluntarily. Without reductions in the overall sodium levels in packaged food, even the best labeling system will not be sufficient to reduce sodium intake. . However, evidence indicates that coordinated voluntary action that holds companies accountable for their pledges and is backed by authoritative bodies can be more successful [26, 46] .
Lowering the sodium content of packaged and restaurant foods is possible without limiting consumer choice and acceptance. In addition to adapting over time to a lower salt taste [2, 47] , when given lower sodium food and a salt shaker, people only add back a portion of the sodium removed [48] .
One recent and successful example of this approach is the UK Salt Campaign, an initiative of the UK Food Standards Agency (FSA) (now part of the Responsibility Deal overseen by the UK Department of Health [49] ). A key aspect of this initiative was category-specific salt reduction targets for 2010 and 2012, set with assistance from industry. The FSA received and announced over 90 formal public commitments from across the food industry. The government monitors these commitments through the creation of a processed food database, company reports, and periodic measurements of population sodium intake through 24-hour urine collection. To date, many companies have met 2010 targets and the UK saw an approximate 10 % drop in sodium intake from 2000/1 to 2008 [26] .
This model of coordinated voluntary sodium reductions has been adapted for the United States by the National Salt Reduction Initiative (NSRI), led by New York City. The NSRI consists of 75 signatories, including cities, states, and national health organizations [29] . It aims to reduce sodium intake by 20 % and sodium in packaged and restaurant foods by 25 % by 2014 [1••] . To do this, the NSRI set 2012 and 2014 voluntary sodium reduction targets for 62 packaged food and 25 restaurant food categories. To date, 28 packaged food and restaurant companies, many of them large national players such as Kraft, Target, and Subway, have committed to the targets [46] . As in the UK, monitoring and evaluation are key elements of the initiative. Committed companies are asked to report nutrition information in target years. The NSRI has also created national packaged and restaurant food databases to independently monitor sodium content [1] . To evaluate the impact of the initiative, the NSRI will measure the change in population sodium intake in New York City through population-based 24-hour urinary sodium studies in 2010 and 2014 [50] .
This type of voluntary action has a number of advantages. It is significantly less controversial than regulation, both to food companies and the public. In addition, having specific sodium reduction targets and an independent database for monitoring makes it is possible to hold industry accountable for their commitments. Critically, it targets packaged and restaurant food sodium content, rather than consumer behavior. Finally, it is a nuanced system that both reduces intake over time, allowing tastes to adjust, and distinguishes between different types of food, maintaining consumer choice and variety.
The drawback, however, is that a voluntary initiative cannot require the industry to participate and therefore sodium reductions may be limited to the number of companies involved. Commitments, though publicized and monitored, are not binding. Finally, though less controversial than regulation, even voluntary initiatives face strong opposition. In the US, industry-backed groups such as Center for Consumer Freedom [51] Procurement policies increase demand for healthy, low-sodium food, making it worthwhile for the food industry to produce and market these items. They also ensure that people who depend on the government for food are getting a balanced, low-sodium diet. However, despite the reach of these policies, they impact only a fraction of the American food supply, and thus are not a stand-alone solution.
Strategy 6: Regulation of sodium levels in food The CDC commissioned the IOM to study strategies to reduce sodium intake in the population. In 2010, the IOM recommended that the FDA regulate the salt content of both restaurant and packaged food to reduce sodium intake.
Salt in the United States is currently classified as GRAS, or "Generally Recognized as Safe", a status given to food additives where there is "reasonable certainty of no harm". Food products made with additives without GRAS status need FDA approval prior to marketing. The GRAS status of salt was set in 1958, when the FDA began regulating food additives and before much was known about the adverse health effects of sodium. Since 1979, and most recently in 2007, there have been proposals to revoke salt's GRAS status because excess levels have been shown to be unsafe. The IOM specifically recommended that the FDA modify, rather than revoke, its GRAS status and extend it to restaurant food [1••] .
A modified GRAS status would define levels of salt above which foods would not qualify for GRAS. Separate thresholds would apply to different categories of food and would depend on the need for salt in that food. Over time, as consumer palates adjust, the limits would be lowered in a stepwise fashion. Steps and final levels of GRAS for all categories of food would be defined at the outset, but evaluated and modified if necessary at pre-specified intervals. Foods with salt above the GRAS threshold could still be sold, but only after petitioning the FDA [1••] .
Modifying the GRAS status of salt is likely the most effective strategy to reduce sodium intake in a longterm, sustainable way. Similar to the coordinated voluntary reduction strategies, it preserves choice and diversity in the marketplace by distinguishing between different types of food. Because the changes to GRAS will be regulatory, industry will have to participate and will be unable to rollback gains. Finally, GRAS is already under the purview of the FDA and does not require new legislation.
Despite numerous advantages to this approach, it is unclear if the FDA will implement the IOM recommendations. Any changes to the regulatory environment are likely to be strongly resisted by the food industry. Because a modification of GRAS would affect an enormous swath of the industry, the opposition might be considerable. If the FDA does implement this recommendation, it would likely take years to draft and get approval, making it important to have interim strategies, such as the NSRI and food procurement policies, in place.
Conclusions
A public health approach will be needed for meaningful reductions in sodium intake. The levels of sodium in packaged and restaurant food are currently too high for individual action to be sufficient. Together, the strategies outlined above form a comprehensive stepwise approach to sodium reduction. The most effective single strategy, however, is federal regulation. Currently, the FDA and the US Department of Agriculture are considering action on salt [58], but regulatory actions are difficult to implement.
As the medical and public health communities advocate for regulatory and other strategies to reduce sodium intake, the support of clinicians is critical. In order to ensure that patients reduce their blood pressure and thus their risk of cardiovascular disease, clinicians need to support both the individual efforts of their patients and the additional public health approaches described herein.
